This study provides an alternative approach to analyze the linkages between the international trade and the domestic metal exchange rate in China during the 19 th century. I employ a dataset spanned from 1825 to 1886 to examine the dynamic intra-and inter-relationships between the domestic silver-copper ratios and the international trade in vector error correction methods. I obtain that a long-run relationship between the exports of tea and silk, the imports of opium, and the domestic silver-copper ratios existed in China. The silver-copper ratios Granger causes the imported opium, silver inflow and exported tea from China, but the international trade does not granger cause the silver-copper ratios. The impacts of impulse response function and variance decomposition are analyzed. The results suggest a more strong connection from the international trade and the domestic metal exchange rate than existent explorations.
Introduction
Trades and metal coins advanced the economy of modern China and they made . The liquidity preference theory seems reasonable, but the price has conflicts with the intrinsic value of the metal currencies. This issue is not negligible, but this study does not discuss the monetary theory because the different silver coins are able to convert to taels. This paper aims to unravel the relationship between the nominal rates and the international trade. This paper takes the advantages of the modern multivariate approach in discussing a classic topic of economic history in China. I employ a vector error correction model (VECM) to examine the dynamic intra-and inter-effects between the silver-copper ratios, the exports of tea and silk, and the imports of opium. However, the limit comes from the data. Through the difficulties collecting historical data, the small samples make biases on the VECM model analysis and the test of structure change in VECM, and the historical data are biased itself from the different resources. Section 2 discusses the literature review. Section 3 presents data and theoretical frameworks. Section 4 presents the Robustness check. Section 5 reports the results and the analysis. Section 6 concludes the whole paper.
Literature Review
Chen [1] employed the trade statistics covered from 1830 to 1870 to capture the role of China in the international trade. Lin [5] 2 obtained that the increased out- 1 In this study, I use the tael as a benchmark, and the others can be transformed in fineness. 2 The original edition is China Upside Down published in 1985. [9] provide the housing price during 1644 to 1840, and they employed the ordinary least square (OLS) method to discuss the main fluctuations in housing prices. Ho and Lai [10] show that the exchange rate was the main chain of the silver price fluctuation from the world into China.
Data and Theoretical Frameworks
The historical data are separated from nineteenth century in China. Before the collapsed of East India Company (EIC), Morse [11] covered the data from 1635
to 1834, and Hsiao [12] covered the data from 1864 to 1949. Basically, many research of trade history are based on these two works. In this paper, the statistics of opium imports, silk exports are induced from Lin [5] . The data of tea exports are induced from Chen [2] . The data of silver-copper ratios are induced form Wang [13] . To reflect the living standard in China, I employed the data of rice price in China from Allen et al. [14] to depict the basic measurement of the goods. The data cover the period from 1825 to 1886. 
where v is a 
Robustness Check
This paper employs augment Dickey-Fuller unit root test and Phillips-Perron unit root test to check the stationary. Table 2 The variables of opium, tea, silk, silver-copper ratio and rice price are I(1) and of silver inflow is I(0). Table 3 reveals the rank equal to 1 which means one cointegrated equation in the model.
Lütkepohl [20] indicates that the cointegrated ranks are allowed of I(0) va-
, and therefore the cointegrated relationship includes silver inflow, which is also the I(0) variable. Noted that the restricted model is constructed to fit data and depict the trend term in the long-run relationship. Table 5 reports the coefficients of the cointegrated equation. The variables of opium, tea, silk and silver-copper ratios are significant in the long-run relationship. The value of tea and opium is above the equilibrium, and the values of silk and silver-copper ratio are under the equilibrium. The adjustment speed shows that tea and opium will fall back toward the silk and the silver-copper ratio levels, and silk and the silver-copper ratio will rise toward the tea and the opium levels at the same time. MacGregor [21] mentioned that even a very fast clipper in the route of The Great Race needs 99 days from China to Britain. Since the information were slower, 2 years lag make senses for dynamic transmissions between variables. 5 In the mid-nineteenth century, the historical events such as Taiping rebellion or Nien rebellion led to influences in the Chinese economy. However, the events cannot be captured completely since the limitation of the model. The VECM model describes the average behaviors in the whole period so that the historical events are hard to be caught individually. In this study, the setting of the model the trend term depicts the events with time. It is expected to solve the problem in the future investigation. The long-run linkages provide alternative channels to observe the drain of silver problem. Wang [13] discussed the reasons of the Douguang Depression.
Results
There are many reasons led to the Douguang Depression such as minting costs, fluctuated silver-copper ratios, etc. However, the reasons were discussed individually. The long-run equilibrium is quite different. The cointegrated relationship gives a mechanism that if the exports of tea increased, the imports of opium, the exports of silk, and the silver-copper ratios would adjust the levels at the same time (Table 6 ).
Lin [5] discussed that the trade deficits were not made up due to the recession of tea and silk market in the world and the drain of silver inflow before the Opium War. The results not only support her study but also provide a long-run co-movement between the imports of opium, the exports of tea and silk, and the silver-copper ratios which is a longer period than Lin [5] . The long-run equilibrium is similar to a stable path and brings the trade and the silver-copper ratios to a steady level. However, why is there equilibrium for the trade and silver-copper ratios? It is obvious that China needed a large demand for silver, the exports of tea and silk continued, and the imports of opium pushed out the stock of silver in the China. The silver-copper ratios fluctuated in between. The results suggest a circle inside the Chinese economy, and this mechanism continued to the end of the use of silver. Table 7 shows the results of Granger causality. The tea and the silk do not
Granger-cause the opium are rejected. The opium Granger causes the silk. It is known that the huge demand for tea from British were the main reasons for the international trade. The intra-actions within the international trade were obvious, but the tea only affected opium. The rise prices Granger cause silk. The silk and the rice price Granger causes the silver-copper ratio. The exports of tea and silk led to an increased demand of opium. For Britain, the huge demand for tea induces an incentive to supply more opium to China. Nevertheless, the change of opium does not affect the exports of tea due to the strong addiction to opium.
While the exports of silk that causes the exports of tea may result from the limit of transportation.
The impulse response functions show the effect that the change when the impulse variables arise to the response variables. Figure 2 depicts the impulse response results. The shock of tea and silk leads to a decreasing response of opium at first period. The response of opium increases and converges around −0.0002 when the shocks come from tea or silk. The response of silk increases and converges to 30 when the shock comes from opium. The response of silk increases in the first period, and it decreases in the following period when the shock comes from the rice price. The silver-copper ratios go down when the shock comes from the silk. The silver-copper ratios increase slightly in the first period, and then decline sharply when the shock comes from the rice price. The response of silk is bigger than of opium. However, the quantities consumed between silk and opium were different. The shocks form silk to opium transmitted 6 Numbers under the F statistics are p-values. * is the confidential level 5% and ** is the confidential level 10%. to a huger power in the second period. Silk was durable goods between the three goods so that the elasticity of silk must be smaller than the others.
To assess the volatility of one variable transmitted from the other variables, I
employ a method of variance decomposition to measures each type of volatility to the forecast error variance [22] . Table 8 reports the variance decomposition of opium, tea, silk, and silver-copper ratio. Silk explain the variance of opium in the second highest level and the variance of silk in the highest level. It is interesting that silk plays a more important role than tea in the volatility part. Moxham [23] mentioned that from the 1940s to 1950s, the exports of tea from China still maintain stable with the wars or turmoil. The reason is that the tea is steadily increasing with time even in the historical events such as Taiping rebellion.
The silver-copper ratio explains the volatility of silk at the third highest level as well as the rice price. The results illustrate the domestic nominal factors affects the exports of silk. A possible exposition is the competition on planting the mulberry trees or the rice. Mulberry leaves feed silkworms, and these are the resources of silk. There is no competition on the mulberry trees and the tea trees in China because the planting area of tea locates on a higher elevation. 
Conclusions
The globalization not only made a growth but also brought a lot of economic problems in China in the mid-19th century. The exports of tea and silk made tremendous influx of silver, but it also resulted in the imports of opium and the fluctuation of silver-copper ratios. The puzzle of outflowed silver in the mid-19 century leads numerous scholars to debate why Chinese economy has fallen, e.g.
Lin [5] , von Glahn [3] , Irigion [4] . This paper provides an alternative discuss on the relationship between the international trade and the silver-copper ratios by contributing a VECM model. I obtain the long-run cointegrated relationship between the imports of opium, the exports of tea and silk, and the silver-copper ratios from 1825 to 1886. Interestingly, there was a long-run relationship even China experienced many wars or turmoil. The possible presumptions are the limits in the model and the immense demand of tea from Britons.
The Granger causality tests show that the tea and the silk Granger cause the opium. It supports the history that the huge exports of tea and silk from China made large trade deficits to Britain. In order to support the demand of tea in the Britain market, The British East India Company exports opium from India to China. The silk and the rice price Granger cause the silver-copper ratios, and the result is related to a competition on planting the mulberry trees or the rice fields.
However, the silver-copper ratios do not Granger cause the trade term. The impulse response functions reveal the short-run impact from impulse variables and the variance decomposition shows how does the volatility can be explained by 
